Six experiments were conducted in naive human participants to examine any facilitation produced in manual reaction time (RT) by the interposition of a temporal gap between a warning signal and an imperative signal. Peripheral visual stimuli and monoaural auditory stimuli were used as targets. Participants showed a facilitation of RTs to the targets for both auditory and visual stimuli in the five experiments in which RTs were the dependent variable. In addition, the gap effect increased over successive blocks of trials, suggesting learning. RTs were facilitated only when the gap had predictive value and was salient. Using a variable temporal gap or a visual warning stimulus did not change the facilitation in RTs. A further experiment demonstrated that the gap can be perceived by the participants. The dissociation between a learned and a non-learned component in the gap effect suggests that the temporal gap induces two independent processes: warning and disengagement of attention. © 1998 Elsevier Science B.V.
Introduction
The presence of a temporal gap between the offset of a central fixation point and the onset of a peripheral light induces a facilitation in reaction time (RT) to peripheral visual targets (Fischer and Breitmeyer, 1987; Fischer and Weber, 1993) . This facilitation has been demonstrated for saccadic eye movements and manual responses (Fischer and Weber, 1993; Gó mez et al., 1994a Gó mez et al., , 1995a . It has been proposed that the RT facilitation observed in gap experiments could result from warning, which includes motor preparation (Reuter-Lorenz et al., 1991; Kingstone and Klein, 1993) , or from the disengagement of attention (Fischer and Breitmeyer, 1987; Fischer and Weber, 1993) . The term 'warning' refers to a rather unspecific activation of all the neural circuits (sensory and motor) potentially needed for accomplishing a task. The term 'disengagement of attention' refers to the fact that before engaging attention in a novel target it is necessary to overcome the inhibition that the target currently attended exerts over all other potential targets; this disengagement from one target in favor of the following one is a time-consuming process (Posner and Petersen, 1990) . According to Fischer and Weber (1993) , the temporal gap enables attention to be disengaged before the novel target appears, thus inducing faster saccade latencies.
In the case of saccadic eye movements, two peaks are observed in the latency distribution histogram during gap conditions. The early peak corresponds to express saccades and occurs around 100 ms following target onset (Fischer and Weber, 1993) . The second peak occurs about 50 ms later (i.e. 150 ms post-stimulus onset) and corresponds to fast regular saccades. Yet another peak is found in non-gap trials approximately 200 ms following stimulus onset, which corresponds to the so-called slow regular saccades. These different eye movement latencies have been accounted for in the three-loop model proposed by Fischer and Weber (1993) . They suggest that fast regular saccades occur when the gap promotes disengagement of attention and allows faster eye movements than those observed in non-gap trials. This latter proposal is based on the idea that saccadic eye movements must be preceded by a time-consuming phase of disengagement of attention (Fischer and Weber, 1993) . If, in addition, the decision to produce a saccade has already been taken, an express saccade occurs.
A RT facilitation (gap effect) of 33 ms has been reported in the case of manual responses (Gó mez et al., 1995a) . Therefore the RT facilitation of the gap effect has a similar value for fast regular saccades and manual responses. Furthermore, similar evoked potentials are obtained in the gap condition when manual or ocular responses are required (Gó mez et al., 1995a (Gó mez et al., , 1996 . The speeding up of the response during the gap condition has been associated with a negative component generated in frontal areas. This negative component appears following the visual offset evoked potentials induced by the offset of the central fixation point (Gó mez et al., 1995a) . The topography and the relation to the facilitation of RTs suggest that the frontal negativity may represent an electrophysiological index of preactivation of premotor, supplementary motor, and/or motor cortex. In fact, bilateral activation of neurons in the frontal eye fields has been demonstrated in monkeys during a gap experiment with saccadic responses (Dias and Bruce, 1994) . Taken together, these findings suggest that similar brain areas and/or mechanisms may be responsible for the facilitation of manual and ocular responses found in gap trials.
The goals of the present study were to test: (i) the robustness and reproducibility of the gap effect when manual responses are required; (ii) if RT facilitation occurs with learning, and if learning of the temporal contingencies takes place during the gap condition; (iii) the possibility that a gap effect could also occur in the auditory modality and, finally, (iv) if the RT facilitation induced by the gap results from a disengagement of attention, a warning effect, or both. More specifically, experiments 1 and 2 sought to replicate the basic gap effect with manual RTs when using two different gap values and, additionally, to test if the RT facilitation increases with learning when gaps of varying salience are used. Experiment 3 addressed the question of whether uncertainty regarding the temporal contingencies would prevent increase in RT facilitation with learning. In experiment 4, disengagement of attention from the central fixation point was prevented in order to disentangle the disengagement of attention and the warning hypotheses. Experiment 5 tested whether RT facilitation would also be present in the auditory modality. Experiment 6 specifically addressed the question of whether the gap itself can be perceived. Answering these questions should help understand the neural and cognitive organization of the gap effect. In addition to the specific objectives of each experiment, results were compared between experiments. Moreover, as stimuli were presented in the left or right visual field, or were presented in left or right ear, we examined the potential lateralization of the gap effect.
Experiments

Participants
Young human adults (21 -30 years), naive as to the aim of the experiments, volunteered their participation. They were right-handed, had normal or corrected vision, and reported no history of neurological diseases. Thirteen subjects participated in experiments 1, 2 and 4, nine in experiment 3, and eight in experiments 5 and 6. None of the subjects participated in more than one experiment.
Experiments 1-3. Influence of gap duration in RT facilitation
Methods
Participants were seated 50 cm in front of a computer screen. They were asked to keep their head straight (head restraining was avoided to make participants more comfortable), and to fix their eyes on a green dot in the center of the screen when it appeared. They were also instructed to press one button of the mouse as soon as a target (also a dot of green light) appeared in the periphery. The position of the target on the screen was 11.4°from the fixation point in the left or right visual field. The left button of the mouse had to be pressed when the target appeared in the left visual field, and the right button when the target appeared in the right visual field. Both responses were made with the right hand, using the index finger for left responses and the middle finger for right responses. The green dot of light used as the central fixation point and as a peripheral target had the shape of a square and subtended an angle of 0.91°. Each participant was presented with 240 trials, 60 in each condition as detailed below. Four blocks of 60 trials were presented, with the trials in each condition being randomly intermixed. The stimuli and the order of presentation were generated by computer (Stim system of Neuroscan). The sequence of events within a trial was as follows: the central fixation point was on for durations that varied randomly between 1.5 and 2.25 s, then offset, followed by a temporal gap (only during the gap conditions) and then the peripheral target was on for 1 s. The inter-trial interval was 1.2 s.
In experiment 1, participants were instructed to press the button as soon as the target appeared. Four different conditions were randomly intermixed: (i) the target appeared in the left visual field and there was no temporal gap between the offset of the central fixation point and the onset of the peripheral target; (ii) the same as in condition (i) but with a gap of 200 ms between the offset of the central fixation point and the onset of the peripheral target; (iii) the target appeared in the right visual field and there was no temporal gap between the offset of the central fixation point and the onset of the peripheral target; (iv) the same as in condition (iii) but with a gap of 200 ms between the offset of the central fixation point and the onset of the peripheral target.
Experiment 2 was identical to experiment 1 except that the duration of the gap was 100 ms.
Experiment 3 was identical to experiment 1 except that the duration of the temporal gap was randomly varied. Numerical values with a temporal definition of 1 ms were randomly extracted from a continuous probability distribution with a 100 ms lower limit and a 300 ms upper limit. The extracted values were used as gap values for the experiment.
Statistical analysis
Reaction times, and proportions of hits, anticipations (RTs lower than 150 ms), misses, and direction errors were calculated. Pressing the incorrect mouse button in response to the target was considered as a direction error. Only correctly directed responses were used for further analysis. A two-way analysis of variance (ANOVA) with repeated measures was applied to the RT values for each experiment. The factors were stimulus position (left or right visual field) and temporal gap (gap or non-gap condition). Paired t-test comparisons between groups were computed when appropriate. Separate two-way ANOVAs were performed on the percentage of hits for each experiment, using the same factors as in the preceding analyses (i.e. stimulus position and temporal gap).
In order to test if there was a learning effect during the course of each experimental session, the value of the gap effect in each experimental block was calculated for each subject. A two-way ANOVA, including stimulus position (left or right visual field) and block (1st, 2nd, 3rd or 4th block of stimuli) as factors, was performed on the values of the gap effect for each experiment.
In order to compare results across experiments, the values of the gap facilitation on RTs were calculated for each subject and experiment. The RT facilitations for left and right responses were collapsed for each subject. The results were analyzed by means of one-way ANOVA with five levels (the five experiments), and t-tests for independent samples with Tukey's correction were used to contrast the results of the different experiments.
2.2.3. Results 2.2.3.1. Analysis of hits. The proportion of hits was greater than 98% for the five experiments ( Table 1 ). The greatest difference between the non-gap and the gap conditions occurred in experiment 2 when targets appeared in the left visual field, with the difference between the percentage of hits in these two conditions being 1.83%. This value corresponds to a mean of 1.09 errors over 60 presentations of the stimuli. RT analyses were performed only for correct responses (hits). The analyses of correct responses revealed significant gap effects in experiment 1 (F(1,12)= 7.28, P B0.018) and in experiment 2 (F(1,12)= 11,56, PB 0.0006), but not in experiment 3 (FB 1).
2.2.3.2. Experiment 1. Fig. 1A and Table 2 show the mean RTs for the four conditions of the experiment when the temporal gap was 200 ms. The gap effect can be clearly observed for both left and right visual fields. The ANOVA revealed a significant gap effect (F(1,12) =246.17, PB 0.001), an insignificant effect of stimulus position (F B1), and no interaction between the effects of these two factors (gap×stimulus position, F B 1). Because experiments 1 and 2 showed a significant effect of the gap factor on the error rate, we calculated the effect of possible anticipations on the RT value. For that, the hypothetical situation that could have a higher influence on the RT was considered: that all the errors obtained were direction errors due to anticipations, so an equivalent number of anticipations should occur in the correct responses. If a value of 150 ms is applied for this hypothetical anticipation, and given the number of errors obtained, the corrected values of RT are shown in brackets in Table 2 .
Fig . 1B illustrates the increase in the gap effect in successive blocks of trials. The ANOVA revealed a significant effect of block (F(3,36)=3.69, PB 0.02). The effect of position (F B1) and the interaction between the effects of block and position were not significant (F B 1).
2.2.3.3. Experiment 2. Fig. 2A and Table 2 show the mean RT values for the four conditions when the temporal gap was 100 ms. The gap effect can be clearly observed for both left and right visual fields, although the effect is larger when the stimulus appears in the right visual field. The ANOVA revealed a significant gap effect (F(1,12) = 68.79, P B 0.001) and an insignificant effect of stimulus position (F(1,12) = 2.31). The interaction between the gap effect and the visual field was also significant (F(1,12) = 5.37, P B 0.039). Paired t-tests confirmed that right responses were significantly faster than left responses during the gap condition (F(1,12)= Table 1 Percentage 5.37, P B0.039), with no left -right differences within the non-gap condition (t(12) = 0.13, P B 0.87). Fig. 2B shows the values of the gap effect in successive blocks. Although a small increase of the gap effect can be observed across blocks, this effect was not significant (F B 1). The effect of the stimulus position factor was significant (F(1,12)= 5.28, PB 0.04) but the interaction between the effects of these two factors was not significant (FB 1).
2.2.3.4. Experiment 3. Fig. 3A and Table 2 show the mean RT values in this experiment, in which the temporal gap was randomly varied between 100-300 ms. The gap effect can be clearly observed for both left and right visual field stimuli. The ANOVA revealed a significant main effect of gap (F(1,8)= 37.25, PB 0.001) but no effect of stimulus position (F(1,8) = 1.57). The interaction between the effects of gap and stimulus position was not significant (FB 1). Fig. 3B shows the value of the gap effect in different blocks. Neither the effects of block nor of stimulus position were significant (F(3,24)= 1.06; F(1,8)= 1.73). The interaction between the effects of these factors was not significant (F(3,24)= 2.29). 
Comparison of RT facilitation across the experiments.
Results of a one-way ANOVA to test the gap facilitation effect revealed significant differences between experiments (F(4,52) = 5.078, P B 0.001). Note that the ANOVA was performed on data from experiments 1 through 5. Table 3 shows the P-values for the statistical contrasts between the different experiments. Results in experiment 1 were significantly different from results in experiments 2, 4 and 5; results in experiment 2 were significantly different from those in experiment 3; and results in experiment 3 were significantly different from results in experiments 4 and 5.
Discussion
Experiment 1 clearly demonstrated that a temporal gap of 200 ms induces a facilitation in manual RTs to peripheral targets, which as we discuss below, is not due to a speed -accuracy trade-off. The RT facilitation obtained here is in agreement with previous results (Ross and Ross, 1981; Iwasaki, 1990; Kingstone and Klein, 1993; Tam and Stelmach, 1993; Gó mez et al., 1995a; Bekkering et al., 1996) . Reuter-Lorenz et al. (1991) did not find facilitation in the latencies of antisaccades and manual responses but they warned participants with a tone that may have masked the effect produced by the gap. Bekkering et al. (1996) showed that a tone did not abolish the facilitatory effect of the gap in the visual modality. Their results indicated that the gap effect could not be explained solely as a general warning effect, because then the warning tone should abolish the effect of the gap. In contrast, it has been proposed that the gap facilitates spatially oriented responses (Kingstone and Klein, 1993) . It has been suggested (Gó mez et al., 1995a ) that manual gap effects result from a mechanism similar to that of fast regular saccades, given that facilitation of latencies is similar in both cases (around 33 ms) and that both types of responses give rise to a similar frontal negativity in terms of latency and topography during the gap condition (Fischer and Weber, 1993; Gó mez et al., 1994a Gó mez et al., , 1995a . The difference between the gap condition and the non-gap condition obtained in experiment 1 was around 40 ms. This reinforces the idea that for manual RTs the facilitation is within the range of the facilitation of fast regular saccades but not of express saccades. The use of more than two random positions still induces express saccades (Fischer et al., 1984) and fast regular saccades (Gó mez et al., 1994a) , so spatial expectancy does not seem to be a critical factor in inducing the gap effect. In the present experiment, two random positions were used (one in each hemifield), and the gap effect was present from the first block of trials, so spatial expectancy can also be ruled out in explaining the robust gap effect obtained when manual responses are used.
In experiment 1, a learning effect could be observed when comparing successive blocks. This suggests that RT facilitation may result from two effects: one, due to the gap itself, which is present from the first block of trials, and a learning effect which increases more gradually. As experiments 2 and 3 did not show a learning effect, it can be considered that RT facilitation in those experiments was exclusively due to the gap. Thus, the gap could be considered as a discriminant stimulus of the temporal relationship between the offset of the central fixation point and the onset of the target. A learning effect has been demonstrated in the frequency and latency of express saccades in monkeys (Fischer et al., 1984) and humans (Fischer and Ramsperger, 1986 ) but until now it had not yet been demonstrated for manual responses. The increase in the gap effect obtained here should be considered a genuine learning effect, independently of whether it is due to a RT increase in the non-gap condition or to a RT decrease in the gap condition, because the former could always be interpreted as a fatigue effect superimposed on a learning effect.
Experiment 2 showed that a temporal gap as short as 100 ms is still associated with a facilitation in manual RTs. This is in agreement with previous results using manual responses (Ross and Ross, 1981; Iwasaki, 1990 ) and saccadic eye movements (Ross and Ross, 1980) . The fact that the latency advantage produced by the gap is lower for a 100 ms gap than for a 200 ms gap is also in agreement with previous results (Ross and Ross, 1981; Iwasaki, 1990; Tam and Stelmach, 1993) .
There was no learning effect in experiment 2. The fact that the learning effect did not reach significance supports the idea that the gap may act as a discriminant stimulus. In experiment 2, the salience of the gap would be less than in experiment 1, given that the gap was shorter.
Randomization of gap durations (experiment 3) did not modify the basic gap effect. Previous experiments also showed that randomization of gap duration still induces facilitation for hand responses (Ross and Ross, 1981) and saccades (Wenban-Smith and Findlay, 1991; . In addition, the use of a warning tone with a variable foreperiod before a visual imperative stimulus also induces a RT facilitation (Bertelson and Tisseyre, 1968) . In experiment 3, there was no learning during successive blocks. This suggests that random variation of gap duration decreases its predictive value as a temporal discriminant stimulus and prevents learning of the gap effect.
In sum, the results of these three experiments fulfill the first two objectives of the present study: (i) to show that the gap effect for manual responses is a reproducible and robust effect, and (ii) the increase of RT facilitation in successive blocks found in experiment 1 implies that such a learning effect exists and is dependent on the constancy and salience of the temporal discriminant stimulus.
Experiment 4. Warning effect
Methods and analysis
This experiment was identical to experiment 1, but the gap was replaced by a yellow square, which was on for 200 ms; the square had the same dimensions as the targets and was situated at the fixation point. Participants were not informed of the presence of the central yellow light. The methods and analyses were identical to those in experiments 1 -3.
Results
The percentage of hits was greater than 98% in this experiment (Table 1) . There was no statistically significant effect of the gap factor (FB 1).
Fig . 4A and Table 2 show the mean values of the RTs in this experiment, in which the gap was replaced by a warning light. The effect of adding a light between the offset of the fixation point and the onset of the peripheral target was a decrease in the RTs to targets, for both left and right visual field stimulation, relative to the non-warning condition. The ANOVA revealed a significant main effect of the warning stimulus (F(1,12) =41.5, PB0.001) and an insignificant effect of stimulus position (F(1,12) =2.77). A significant interaction between the effects of stimulus position and warning was found (F(1,12)= 7.5, PB 0.018). Paired t-tests showed significantly faster responses to right visual field stimuli than to left visual field stimuli in the warning condition (t(12)= 3.05, PB 0.01), and an insignificant effect in the non-warning condition (t(12)= 2.77, PB 0.122). A paired t-test confirmed that the small difference obtained between the warning and the non-warning conditions during left visual field stimulation was statistically significant (t(12)= 2.50, P B0.028). Fig. 4B shows the increase in the warning effect across successive blocks. The ANOVA revealed that the effect of the block factor was statistically significant (F(3,36) =4.08, P B0.014). The effect of the position factor was also statistically significant (F(1,12) =7.46, P B0.018). The interaction between the effects of the two factors was not significant (F B 1).
Discussion
The results obtained in this experiment showed that a warning light induced a RT facilitation similar to that induced by the gap. Ross (1980, 1981) also found an RT facilitation of saccades for auditory and visual warning signals, and an RT facilitation for manual responses under visual warning conditions. However, results of another experiment failed to obtain significant warning effects (Iwasaki, 1990) . The present experiment does not allow us to determine whether the warning occurs in sensory or motor brain areas, or in both. Note, however, that the existence of dissociable sensory warning and motor preparation sets during the gap effect has recently been reported (Bekkering et al., 1996) .
Our results support the idea that warning, which probably includes a motor component (Gó mez et al., 1995a (Gó mez et al., , 1996 Bekkering et al., 1996) , is sufficient to produce a gap effect. Thus, the disengagement of attention cannot exclusively explain the gap effect for manual responses, given that attention was not disengaged in the present experiment and an RT facilitation was still found. In contrast, the obtained learning effect implies that a warning visual stimulus can serve as a discriminant stimulus of the temporal relation between stimuli.
Experiment 5. Auditory gap
Methods and analysis
Experiment 5 was similar to experiment 1, except that the stimuli were auditory. Instead of a central fixation, a binaural tone was presented. Furthermore, instead of a peripheral target, an auditory stimulus was monoaurally and randomly presented to the left or the right ear. The stimuli in each earphone were of 70 db, 1000 Hz, and onset and offset were exponentially attenuated with a time constant of 20 ms. The temporal gap, when present, was 200 ms in duration. In this experiment the total number of stimuli was 576, 144 for each of the four conditions. The stimuli were presented in nine blocks of 64 stimuli each, with the presentation of the four conditions randomly intermixed. We decided to increase the number of stimuli with respect to the visual experiments because no previous experience with the auditory gap effect existed. Statistical analyses of the results were identical to those in experiments 1 -3.
Results
Fig . 5A and Table 2 show the mean values of the RTs in the auditory experiment. The gap effect can be clearly observed for both left and right ear stimulation. The ANOVA revealed a significant main effect of gap (F(1,7)= 15.29, PB0.006) and an insignificant effect of stimulus position (F(1,7)= 5.23). The interaction between the effects of gap and stimulus position was not significant (F B 1). Fig. 5B shows the increase in gap effect across successive blocks. The ANOVA showed a significant effect of the block factor (F(8,56)= 3.44, PB0.003). The effect of position (F B1) and the interaction between the effects of block and position were not significant (F B 1).
Discussion
In this experiment, we attempted to replicate the standard gap effect (Fischer and Breitmeyer, 1987; Fischer and Weber, 1993 ) using auditory stimulation. The ability of auditory tones to facilitate RTs to visual stimulus has been interpreted as the building up of preparatory processes (Bertelson, 1967; Bertelson and Tisseyre, 1968) . Recently, the ability of an auditory gap to facilitate saccadic latencies has been demonstrated in cats (Baro et al., 1995) . The present results answer one of the objectives of this study, namely, to determine if a gap effect could occur in the auditory modality. Thus, the already demonstrated ability of the auditory gap to facilitate eye responses to visual stimulus in cats, and the ability of a warning tone to facilitate manual responses to visual stimulus in humans, can be generalized to manual responses to auditory signals in humans. The effect obtained in experiment 5 was similar to that obtained in experiment 1. Furthermore, a clear learning effect appeared across blocks. These results suggest that similar mechanisms underlie the auditory gap and the visual gap effects. However, some differences should be noted between the results of experiments 1 and 5: (i) RT facilitation was smaller in the auditory than in the visual modality, and (ii) the increase in RT facilitation occurs only in the second half of the auditory experiment. It could be that these differences are due to differences in gap discriminability between experiments, but this is only a tentative explanation given that no further experiments were done to equate the scales of perception of the gap across the two sensory modalities.
2.5. Experiment 6. Discrimination of the 6isual gap
Methods and analysis
In this experiment, the participants were asked to respond with the left button of the mouse if a temporal gap was perceived between two visual stimuli and not to respond if no temporal gap was perceived. Participants were informed that there were two different types of stimulus sequence (gap and non-gap), and the difference between the two was explained, but there was no training with the task. One hundred and twenty visual stimuli were presented in this experiment, 30 in each condition (left gap, right gap, left non-gap, right non-gap). The gap duration was 200 ms. Asterisks indicate the subjects whose response probability was statistically higher than random responding (probability of response = 0.5). PCR, probability of correct responses; LL, lower limit of the confidence interval of PCR; UL, upper limit of the confidence interval of PCR.
For the gap condition, the number of correct responses (pressing the button when the gap was perceived) was compared to the number of incorrect responses (not pressing the button). The number of correct responses was collapsed across left and right visual field stimulation. Comparisons were made by calculating the proportion of hits and calculating if the confidence interval (P= 0.05) of the proportion of correct responses included the probability value for random choice (probability of response= 0.5) (McMillan and Creelman, 1991) . This was computed independently for each subject in the experiment.
Results
Of the eight participants in the experiment, six correctly detected the presence of the gap, given that the limits of the confidence interval (n= 60; P\ 0.05) of the response probability of correct responses was higher than the random choice level (probability of response= 0.5). The confidence interval included the random choice level in one participant, and was smaller than the random choice level in another. Results are summarized in Table 4 .
Discussion
The aim of this experiment was to determine if the 200 ms visual gap was clearly detected by the subjects. Results showed that six of the eight participants were able to discriminate the gap from the non-gap sequences: therefore, it appears that the gap can be used as a discriminant stimulus in the gap condition.
General discussion
Accuracy of the responses
The analysis of hits revealed a very low error rate in both gap and non-gap conditions, with the two conditions differing by a maximum of approximately one response over the total of 60 responses. Nevertheless, in experiments 1 and 2 there were significant differences in the number of hits between gap and non-gap conditions. However, it is unlikely that RT facilitation results from a speed-accuracy trade-off, given (i) the low number of errors produced by the participants, (ii) the fact that the errors were discarded from RT analyses, (iii) the fact that experiment 2 had a higher number of errors and smaller RT facilitation than experiment 1, (iv) that participants were not informed of the existence of two different conditions, and finally (v), the low impact on RTs of possible anticipations in the correct direction. However, it may be that a very low rate of anticipation occurred as has been shown in eye saccades in gap experiments (Gó mez et al., 1994a (Gó mez et al., ,b, 1996 Delinte et al., 1997) .
Laterality of responses
RT values to stimuli appearing in the right visual field during the gap condition in experiments 2 and 4 suggest a possible left hemisphere advantage for processing the gap stimulus. However, it is difficult to explain why the left hemisphere advantage appears exclusively in these two experiments.
A left hemisphere advantage dependent on gap duration has also been reported in the production of express saccades . Weber and Fischer suggest that the process of attention disengagement may have a different strength and/or time course for the left than for the right hemifield. Furthermore, there are reports of a left hemisphere advantage for temporal processing (Fitch et al., 1993; Nicholls, 1994a,b) , and it might be that the laterality found in the present experiments is related to the perception of the gap (experiment 2) and warning (experiment 4) duration as discriminant stimulus.
Hypotheses accounting for the gap effect
Two different hypotheses have been proposed to account for the RT facilitation induced by the temporal gap: (i) the temporal gap acts as a warning (Reuter-Lorenz et al., 1991; Kingstone and Klein, 1993) , and (ii) the temporal gap allows the disengagement of attention (Fischer and Breitmeyer, 1987; Fischer and Weber, 1993) . In the present experiments, we cannot distinguish between sensory and motor warning effects, but we note that motor facilitation following a temporal gap has been demonstrated (Bekkering et al., 1996) . The warning hypothesis is supported by the increase in the RT facilitation due to learning, and also by salience and temporal predictability of the gap. On the other hand, the disengagement hypothesis is supported by the independence of RT facilitation from learning. In the present experiments, a dissociation of the gap effect has been obtained-a gap-learned effect and a gap effect appearing from the first block of stimulus presentation. So it is possible that each of the proposed components of the gap effect is associated with distinct processes (warning and disengagement) in the sensorimotor task.
There is an extensive literature showing preparatory brain processes induced by warning signals (Bertelson, 1967; Bertelson and Tisseyre, 1968; Hillyard and Picton, 1987) . Such signals produce an alert state in the subject, characterized by a contingent negative variation and a speeding up of RTs (see, for instance, Hillyard and Picton, 1987) . Even with 200 ms warning intervals (much shorter than those used in contingent negative variation experiments), there is a facilitatory effect on response latencies (Bertelson, 1967; Bertelson and Tisseyre, 1968; Ross, 1980, 1981) for visual and auditory warning signals. In addition, spatial cueing generates costs or benefits in RT depending upon the validity of the cue (Posner and Petersen, 1990) . Moreover, signs of frontal activity induced by the gap have been detected and interpreted as an electrophysiological signal of motor preparation (Gó mez et al., 1995a (Gó mez et al., , 1996 . The latter result suggests that during motor preparation there is a facilitation of motor and/or premotor neural circuits, which is similar to neural priming for spatial attention (Gó mez et al., 1994b) , for attention to a defined configuration of ambiguous figures (Gó mez et al., 1995b) , and for the word priming effect (Posner and Petersen, 1990) . In the present experiments with naive participants, a learning effect was obvious for experiments 1, 4 and 5, in which the gap or the warning signal were most salient and predictive of the temporal contingencies in the stimulus sequence. Also, eliminating the predictability of the temporal contingency in the gap protocol prevents learning (see experiment 3). However, the gap effect in experiment 3 was similar in magnitude to that in experiment 1, a fact that may be explained by the use of longer gap values in experiment 3 than in experiment 1, and by taking into account that RT facilitation is a direct function of gap periods (Bertelson and Tisseyre, 1968) . The preactivation of the cortex related to the sensorimotor task probably requires some learning of the predictive value of the discriminant stimulus (i.e. the gap) with respect to the executive stimulus (i.e. the target; see Dickinson, 1980) . This is basically temporal learning; in this sense it has been demonstrated that temporal aspects of movement can be learned (Delmez-De Jaeger and Schepens, 1995) . Thus, learning of the temporal contingency of the warning signal may account for a substantial part of the gap effect. Given that electrophysiological signals of motor preparation appear for eye (Dias and Bruce, 1994; Gó mez et al., 1996) and hand responses (Gó mez et al., 1995a) in the gap paradigm, at least a part of the gap effect could be due to motor or executive attention (i.e. priming of the motor circuits needed for a particular behavioral task; see Goldberg and Segraves, 1987; Mesulam, 1990) .
The disengagement of attention from fixation has been proposed as the explanatory mechanism of the gap effect in the case of saccades (Fischer and Breitmeyer, 1987; Fischer et al., 1995) . For manual responses, there is no RT facilitation comparable in magnitude to express saccades, but the facilitation that occurs in manual responses may result from similar mechanisms to those present in fast regular saccades (Gó mez et al., 1994a (Gó mez et al., , 1995a . Thus, manual responses could also be affected by the disengagement of attention. In this study, the gap effect was already present in the first block of stimuli, in both the auditory and the visual modality, suggesting that a basic process is induced following the offset of the central stimulus. This should be expected from an automatic process such as the disengagement of attention. Moreover, when attention was not disengaged (experiment 4), RT facilitation was smaller than when disengagement of attention was allowed (experiment 1). In contrast, the absence of learning in experiment 3 suggests that the disengagement of attention may be relatively insensitive to learning under the present experimental conditions. The hypothesis that the disengagement of attention explains part of the manual gap effect may also account for the robustness of the gap effect, which is found independently of sensory modality (visual or auditory) and type of response (eye or hand) (Posner and Petersen, 1990) . In conjunction, the results of the present experiments suggest that the gap effect found with manual responses is due to the contribution of two factors: RT facilitation due to warning, which probably includes a motor component, and the disengagement of attention.
